In this paper the impact of adjusting the optimal tilt angle of solar photovoltaic (PV) modules on monthly bases was studied and compared to that of the annually-fixed optimal tilt angle. PVSyst software was used to determine the optimal tilt angle for each month for a given case study site in Imo state in Nigeria. Mathematical models for computing the required PV array power to meet the daily energy demand of 100 kWh were presented. Addition parameters considered in the study were the PV array number of modules as well as PV array area and cost. For the case study 100 kWh daily energy demand, the selected PV module had a peak power rating of 100W, with a unit cost of N 18,000 and with dimensions that gave an area of 0.65945m^2. The results showed that there is about 4 % (annual average) reduction in the required PV array power when the monthly adjustment of the optimal tilt angle is used. December had the highest percentage reduction in the required PV array power. The reduction in the PV array power resulted in the corresponding reduction in the number of PV modules needed to provide the required power, as well as a reduction in PV array area and cost.
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INTRODUCTION
In recent year, there is growing adoption of solar photovoltaic power across Nigeria (Bala et al., 2008; Melodi and Famakin, 2011; Akinboro et al., 2012; Azodo, 2014; Ohunakin et al., 2014; Byrne et al., 2017; Dike et al., 2017; Saka et al., 2017) . This has become necessary as the national electric power grid has failed to meet the daily demand of the greater majority of the nation's population (Alawiye, 2011; Etukudor et al., 2015; Rapu et al., 2015; Audu et al., yearly-fixed optimal tilt angle. The good thing about the monthly adjustment is that it can easily be done manually.
It does not require complex and expensive sun=tracking mechanism.
The paper presents the description of how to use PVsyst to obtain the optimal tilt angle for each month based on the monthly average daily peak sun hour. Also, the essential mathematical expressions for computing the PV array power, size and cost are presented. Sample numerical example was also presented for a solar power system that has 100 kWh daily energy demand.
METHODOLOGY
The site is a location in Owerri Imo state with coordinates of 5.512 (latitude) and 7.041 (longitude). The dataset for the global solar radiation on the horizontal plane was obtained from the NASA website (NASA, 2018).
The radiation data were loaded into the PVSyst. The PVSyst software was then used to determine the solar radiation on a tilted plane. Particularly, the optimal tilt angle for each month of the year was noted as well as the yearly fixed optimal tilt angle.
The monthly optimal tilt angles were obtained using the project site meteorological window in PVSyst to manually adjust the tilt angle for the site meteorological data until the maximum tilted plane global radiation is observed for the given month. Importantly, radiation data for each tilt angle was exported to Microsoft Excel where the global radiation on a tilted plane was compared for each month for the various tilt angle. Through the use of trend line on the dataset, the optimal tilt angle was obtained for each of the months.
On the other hand, the optimal tilt for the annually-fixed tilted plane was computed using the expression (Anyanime et al., 2016 ). = 3.7 + 0.69│Ø│ (1) where Ø denotes the site latitude in degree. For the site with 5.512 latitude, the optimal tilt angle is 7.50328
PVsyst was used to determine the solar radiation in Peak Sun Hours (PSH) for the monthly adjusted optimal tilt angles and the annually-fixed tilt angle for the selected study site and the results are given in Table 1 . 
SIZING OF THE SOLAR PV ARRAY
The PV array power output, for any given daily energy demand, in kWh is given as;
Where is the inverter efficiency ( = 0.90), is the charge controller efficiency ( =0.90), are cumulative derating factors ( ), PSH is the peak sunshine hours in hours/day.
Given that , the
The number of solar panels needed is where
Where denotes the peak power rating of each PV module. In this study
Let the area of each PV module be and the total area of the PV array be , then
Let the cost of each PV module be and the total cost of the PV array be , then
RESULTS AND DISCUSSION
The PV module parameters and cost were used to compute the PV array power output, the number of solar panels needed, the total area of the PV array and the total cost of the PV array for the annually-fixed optimal tilt angle and the monthly adjusted optimal tilt angle. The selected PV module has a peak power rating of 100W, with a unit cost of N 18,000 and with dimensions that gave an area of 0.65945 . The results for the PV array output power for the annually fixed optimal tilt angle and for the monthly adjusted optimal tilt angle are given in Table 2 .
Based on the results in Table 2 , there is about 4 % (annual average) reduction in the required PV array power when the monthly adjustment of the optimal tilt angle is used. December had the highest percentage reduction in the required PV array power. The implication of the reduction in the PV array power is that there is a corresponding reduction in the number of PV modules needed to provide the required power. Accordingly, Table 3 shows that there is also 4 % annual average reduction in the number of PV module when the monthly adjustment of the optimal tilt angle was used. Again December had the highest percentage reduction in the number of PV modules. Furthermore, there was also the corresponding reduction in PV array area and cost as shown in Table 4 and Table 5 respectively. Figure-2 . Comparison of the number of solar panels needed for the annually fixed optimal tilt angle and the monthly adjusted optimal tilt angle. 
